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(54) An optical recording apparatus, and a method for controlling laser power therein 



(57) After the initiation of writing, an output signal 
from an LPF is sampled in correspondence with a por- 
tion with a predetermined pulse width of recording data, 
so as to obtain a pit level. In the resultant signal, its var- 
ying portions which correspond to the multi-pulse trains 



of the write signal are smoothed. A controller modifies 
a level of a target level signal to be supplied to an APC 
circuit in such a manner that the pit level becomes an 
optimum pit level which has been obtained prior to the 
initiation of writing. 
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Description 

[0001] The present invention relates to an optical re- 
cording apparatus for performing recording by use of 
multi-pulse trains, that is, pulse train recording onto a 
recording medium, and a method for controlling laser 
power therein. Embodiments of the present invention re- 
late to an optical recording apparatus and the like in 
which light returned from the recording medium is de- 
tected and an average level signal of the detected signal 
thereof is obtained, and then, laser power is controlled 
in such a manner that the level of the average level sig- 
nal becomes a predetermined level, thereby enabling to 
stably control the write power during a recording oper- 
ation, even in the case of performing pulse train record- 
ing. 

[0002] Conventionally, a CD-Recordable (CD-R) 
drive as an optical recording apparatus employs write 
strategies referred to as row and column write strategies 
(i.e. write power controlling methods), in order to form 
pits in correct lengths which correspond to pulses of re- 
cording data RD onto a disc (i.e. CD-R). 
[0003] Description will be made on the case where re- 
cording is performed by employing a row write strategy, 
with reference to FIGS. 1Ato1E.FIG.1A shows a basic 
channel clock CLK with a period T. FIG. 1B shows re- 
cording data RD. The recording data RD has been ob- 
tained by performing Non-Return to Zero Inverted (NR- 
Zl) conversion for a modulation signal resulted from 
Eight to fourteen Modulation (EFM). As conventionally 
known, in the recording data RD, each period with puls- 
es "I" and "0" has a time length from 3T to 11 T, respec- 
tively. 

[0004] In the row write strategy, as shown in FIG. 1 C, 
a portion "1" corresponding to only 1T is deleted from 
the time lengths 3T to 11T of the recording data RD. 
Then, a time corresponding to a row time is added only 
to the portion with a time length 3T to render the laser 
power to the write power, and in this state, pits are 
formed on the disc, as shown in FIG. 1 E. FIG. 1 D shows 
a write RF signal WRF obtained by detecting the light 
returned from the disc in a recording operation. 
[0005] Next, description will be made on the case 
where recording is performed by employing the column 
write strategy, with reference to FIGS. 2A to 2E. FIG. 2A 
shows a basic channel clock CLK with a period T. FIG. 
2B shows recording data RD. As has been described 
above, the recording data RD has been obtained by per- 
forming Non-Return to Zero Inverted conversion for a 
modulation signal resulted from Eight to fourteen Mod- 
ulation (EFM), and each period with pulses "1" and "0" 
has a time length from 3T to 11T, respectively. 
[0006] In the column write strategy, as shown in FIG. 
2C, a portion "1" corresponding to only 1T is deleted 
from the time lengths 3T to 11 T of the recording data 
RD. Then, only the first column time is provided with a 
peak power larger than the write power by a level cor- 
responding to the column amount, while the remaining 



column time is provided with a write power, and in this 
state, pits are formed on the disc, as shown in FIG. 2E. 
FIG. 2D shows a write RF signal WRF obtained by de- 
tecting the light returned from the disc in a recording op- 
5 eration. 

[0007] The reason why a portion "1 " corresponding to 
only 1 T is deleted from the time lengths 3T to 1 1 T of the 
recording data RD when recording is performed by em- 
ploying the row write strategy or the column write strat- 

10 egy described above is as follows. Since the spot of the 
laser beam formed on the disc has a certain size, the 
pits actually formed on the disc respectively have a 
length resulted from adding an extended amount of the 
pits caused by the shape of the spot of the laser beam 

15 to the pit length corresponding to the irradiation time of 
the laser beam at a write power. 
[0008] Description will be made on the waveform of 
the write RF signal WRF, with reference to FIGS. 3A and 
3B. FIG. 3B shows a laser power, and FIG. 3A shows a 

20 write RF signal WRF obtained corresponding to the la- 
ser power. 

[0009] A Read level is a level of the RF signal in the 
read state before writing is performed, and is deter- 
mined by a read power and a reflection ratio (i.e. sensi- 

25 tivity) of the disc (i.e. medium). A peak level is a level of 
the RF signal immediately after the laser power is 
switched to the write power. Since a CD-R is designed 
for thermal recording, pits are not formed immediately 
after the laser power is switched to the write power. Dur- 

30 ing the short period until the pits are formed, the level 
of the RF signal increases to the level determined by the 
write power and the reflection ratio of the disc. 
[0010] The pit level is a level at which the level of the 
RF signal converges when it starts to gradually de- 

35 crease from the peak level after the laser power is 
switched to the write power. The reason why the level 
of the RF signal gradually decreases is that the reflec- 
tion ratio of the disc decreases due to the formation of 
pits. The bottom level is a level of the RF signal imme- 

40 diately after the laser power is switched to the read pow- 
er. The level of the RF signal decreases to the bottom 
level, and after that, passes through the read setting 
time and increases to the read level. 
[0011] FIGS. 4A to 4C respectively show a relation- 

45 ship between a thermal time constant of a disc (i.e. me- 
dium) x and a waveform of the write RF signal WRF. 
[0012] FIG. 4A shows the case where the relationship 
of x = 0 is established. In this case, the relationship of 
heating amount = radiation amount is established, and 

so there is no movement of the pit forming point. Therefore, 
there is no decrease in the pit level. In this state, it is 
possible to form pits whose lengths are proportional to 
the pulse time, independent of the length of write pulse, 
and jitter is unlikely to occur. 

55 [001 3] FIG . 4B shows the case where the relationship 
of x > 0 is established. In this case, the relationship of 
heating amount>radiation amount is established, and 
there is a slight movement of the pit forming point. 
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Therefore, there is a slight decrease in the pit level. In 
this state, the pit length gradually becomes dispropor- 
tional to the pulse length of the write pulse, and jitter 
occurs. 

[0014] FIG. 4C shows the case where the relationship 5 
of t » 0 is established. In this case, the relationship of 
heating amount » radiation amount is established, and 
there is a large movement of the pit forming point. There- 
fore, there is a sharp decrease in the pit level. In this 
state, large jitter occurs. 

[001 5] When recording is performed by employing the 
row write strategy described above, as shown in FIG. 
1 D, the pit level gradually decreases. Therefore, the pit 
forming point is deviated, resulting in jitter occurrence. 
Contrary to this, when recording is performed by em- 
ploying the column write strategy, as has been de- 
scribed above, the signal level is increased to the peak 
power first, and then, is decreased to the write power to 
establish the relationship of heating amount = radiation 
amount. In this manner, the deviation of the pit forming 
point can be prevented. Therefore, all the pits from 3T 
to 1 1 T can be written at (n-1 )T, thereby avoiding the oc- 
currence of jitter. 

[0016] In addition, in order to form a recording mark 
in a correct length which corresponds to the pulse of the 
recording data RD, a pulse train write strategy has been 
conventionally employed in a CD-ReWritable (CD-RW) 
drive, although not employed in a CD-R drive. The pulse 
train write strategy performs recording by converting the 
recording data RD into multi pulse trains. As compared 
with the cases of single pulse recording (i.e. row write 
strategy and column write strategy), the pulse train write 
strategy can lower the shifts in both the front and rear 
edges of the recording mark by closely controlling the 
on-off operation of the laser to suppress the influence 
of thermal storage to a minimum value. 
[001 7] Description will be made on the case where re- 
cording is performed by employing the pulse train write 
strategy, with reference to FIGS. 5 A to 5E. FIG. 5 A 
shows a basic channel clock CLK with a period T. FIG. 
5B shows recording data RD. As has been described 
above, the recording data RD has been obtained by per- 
forming Non-Return to Zero Inverted conversion for a 
modulation signal resulted from Eight to fourteen Mod- 
ulation (EFM), and each period with pulses "1" and "0 n 
has a time length from 3T to 11T, respectively. 
[0018] In the pulse train write strategy, as shown in 
FIG. 5C, the portion of "I" having a length from 3T to 
11T of the recording data RD is converted into multi- 
pulse trains to render the laser power to the write power 
intermittently, and then, a recording mark is formed on 
the disc as shown in FIG. 5E. FIG. 5D shows a write RF 
signal WRF obtained by detecting the light returned from 
the disc at the time of recording. 

[0019] In the CD-R drive described above, the laser 
power is controlled, that is, running optimum power con- 
trol (R-OPC) is performed during recording operation. 
The purpose of the R-OPC is to absorb the variations in 



reflection ratios at inner and outer peripheries (nonuni- 
formity in coating of a recording layer and the like) of the 
disc (CD-R), a change in the distribution of spot 
strengths at coma aberration generated as a result of 
the skew of the disc, a change in the laser wavelength 
resulted from an increase in temperature, and the like. 
[0020] In the CD-R drive, before writing is started, trial 
writing is usually performed in a power caribration area 
(PCA) provided to the disc to obtain an optimum write 
power. However, due to the reason described above, if 
the writing is performed at the same write power from 
the initiation to the end of the writing, it is impossible to 
perform writing in such a manner that the jitter is always 
suppressed to a minimum value. 
[0021] Therefore, the optimum power is obtained in 
the PCA (i.e. the value at which the asymmetry becomes 
optimum), and simultaneously, the pit level at this time 
is obtained as an optimum pit level. Then the write power 
is controlled in such a manner that the pit level becomes 
optimum during recording operation. This arrangement 
enables recording to be always performed in the same 
writing manner. 

[0022] In order to control the write power in such a 
manner that the pit level becomes optimum during re- 
cording operation, it is necessary to detect the pit level 
during recording operation. The pit level is detected by 
sampling the write RF signal WRF obtained in the por- 
tion with the predetermined pulse width of the recording 
data RD at the sample timing corresponding to the pulse 
width. 

[0023] FIG. 6A shows a write RF signal WRF corre- 
sponding to the portions with pulse widths 4T, 1 1 T in the 
case where recording is performed by employing the 
column write strategy. FIG. 6B shows a sample pulse 
for detecting a pit level at the portion with each of the 
pulse widths, and the sampling is performed at the tim- 
ing when the writing RF signal WRF becomes at a con- 
stant level. The write RF signal WRF becomes at a con- 
stant level at the portion with a relatively wide pulse 
width, and actually, the sampling of pit level is performed 
corresponding to the portion with the pulse width of 6T 
or larger for example. 

[0024] When recording is performed by employing the 
column write strategy as described above, R-OPC can 
be performed satisfactorily by detecting the pit level of 
the write RF signal WFR which corresponds to the por- 
tion with a predetermined pulse width. 
[0025] However, when recording is performed by em- 
ploying the pulse train write strategy, it is difficult to de- 
tect the pit level of the write RF signal WRF which cor- 
responds to the portion with a predetermined pulse 
width unlike the above-described case. As a result, it is 
impossible to perform R-OPC. 

[0026] Specifically, when the recording is performed 
by employing the pulse train write strategy, as shown in 
FIG. 7A, the write RF signal WRF which corresponds to 
the portions with the pulse widths 4T, 11T varies corre- 
sponding to the write pulse (i.e. multi-pulse trains). 
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Therefore, if the pit level of the portion with each of the 
pulse widths is detected by the sample pulse shown in 
FIG. 7B, it is impossible to obtain a detected pit level in 
a stable manner, and it is impossible to perform R-OPC. 
[0027] Various respective aspects and features of the 
invention are defined in the appended claims. Features 
from the dependent claims may be combined with fea- 
tures of the independent claims as appropriate and not 
merely as explicitly set out in the claims. 
[0028] Embodiments of the present invention seek to 
provide an optical recording apparatus and the like ca- 
pable of controlling write power in a stable manner dur- 
ing recording operation, even in the case of performing 
pulse train recording. 

[0029] In embodiments of the present invention, an 
optical recording apparatus in which recording data is 
converted into multi-pulse trains, and a laser beam is 
emitted from a laser light source in correspondence with 
the multi-pulse trains, and the laser beam is irradiated 
on a recording medium to record the recording data on 
the recording medium, includes: photodetecting means 
of detecting light returned from the recording medium; 
averaging means of obtaining an average level signal 
of a detected signal detected in the photodetecting 
means in correspondence with the portion with a prede- 
termined pulse width of the recording data; and laser 
power controlling means of controlling the power ofthe 
laser beam output from the laser light source in such a 
manner that the level ofthe average level signal ob- 
tained in the averaging means becomes a predeter- 
mined level. 

[0030] In addition, in embodiments of the present in- 
vention, a method for controlling laser power in an opti- 
cal recording apparatus in which recording data is con- 
verted into multi-pulse trains, and a laser beam is emit- 
ted from a laser light source in correspondence with the 
multi-pulse trains, and the laser beam is irradiated on a 
recording medium to record the recording data on the 
recording medium, includes: obtaining a detected signal 
of light returned from the recording medium; obtaining 
an average level signal of the detected signal in corre- 
spondence with the portion with a predetermined pulse 
width of the recording data; and controlling the power of 
the laser beam output from the laser light source in such 
a manner that the level of the average level signal ob- 
tained in the averaging means becomes a predeter- 
mined level. 

[0031] In embodiments of the present invention, pulse 
train recording is performed for a recording medium. 
Specifically, recording data is converted into multi-pulse 
trains, and a laser beam is emitted from a light source 
in correspondence with the multi-pulse trains. The laser 
beam is then irradiated to the recording medium, there- 
by recording the recording data into the recording me- 
dium. 

[0032] When the recording data is recorded, the light 
returned from the recording medium is detected to ob- 
tain a detected signal. The detected signal varies in cor- 



respondence with the multi-pulse trains. Therefore, an 
average level signal of the detected signal is obtained 
in correspondence with the portion with a predetermined 
pulse width of the recording data. The average level sig- 
5 nal is obtained at predetermined time intervals, for ex- 
ample. 

[0033] For example, the detected signal is converted 
into a digital signal by a high-speed A/D converter, and 
the conversion values are averaged to obtain the aver- 
to age level signal. Alternatively for example, the detected 
signal is subjected to band limitation by a low-pass filter 
to be smoothed. After that, the resultant signal is sam- 
pled at a predetermined timing which corresponds to the 
portion with a predetermined pulse width to obtain the 
15 average level signal. In this case, the signal may be 
sampled at plural timings, and then, the resultant plural 
signals are averaged to obtain the average level signal. 
As a result, even if smoothing is insufficient, it is possible 
to obtain the average level signal in a stable manner. 
20 [0034] Then, the power of the laser beam output from 
the laser light source is controlled in such a manner that 
the level of the average level signal (at a pit level) be- 
comes a predetermined level. As a result, even if pulse 
train recording is performed, the write power can be con- 
25 trolled in a stable manner during recording operation. 
[0035] The invention will now be described by way of 
example with reference to the accompanying drawings, 
throughout which like parts are referred to by like refer- 
ences, and in which: 

30 

FIGS. 1 A to 1 E are the diagram for illustrating the 
case where recording is performed by employing a 
row write strategy; 

FIGS. 2A to 2E are the diagram for illustrating the 
35 case where recording is performed by employing a 
column write strategy; 

FIGS. 3A and 3B are the diagram for illustrating a 
waveform of a write RF signal Vv'RF, 
FIGS. 4A to 4C are the diagram for illustrating a re- 
40 lationship between a thermal time constant t of a 
disc (i.e. medium) and a waveform of a write RF sig- 
nal WRF; 

FIGS. 5A to 5E are the diagram for illustrating the 
case where recording is performed by employing a 
45 pulse train write strategy; 

FIGS. 6A and 6B are the diagram for illustrating an 
operation of sampling a pit level (in a column write 
strategy); 

FIGS. 7A and 7B are the diagram for illustrating an 
so operation of sampling a pit level (in a pulse train 
write strategy); 

FIG. 8 is a block diagram showing a structure of a 
CD-R drive according to an embodiment of the 
present invention; 
55 FIG. 9 is a diagram showing a structure of an optical 
system of an optical pickup; 
FIG. 10 is a diagram showing a relationship be- 
tween spots on a disc and spots on a photodetector 
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(i.e. 3-spot method); 

FIG. 11 is a block diagram showing a circuit section 
associated with an operation of R-OPC; and 
FIGS. 1 2A to 1 2C are the diagram for illustrating an 
operation of sampling a pit level according to an em- 5 
bodiment of the present invention. 

[0036] Hereinafter, embodiments of the present in- 
vention will be described, with reference to drawings. 
FIG. 8 shows a structure of a CD-R drive 1 00 according 
to an embodiment of the present invention. 
[0037] A disc (i.e. CD-R) 101 to be handled in the drive 
1 00 includes, although not shown in FIG. 8, grooves GR 
formed in the spiral shape on its data recording surface. 
Data is recorded and reproduced using the grooves GR 
as tracks. 

[0038] The grooves GR are slightly wobbled, and are 
used as addresses (i.e. positional information about 
blank disc) for recording. Such grooves are referred to 
as Absolute Time In Pregrooves (ATlPs) which have 
been developed for the purpose of addressing in a disc 
having relatively long basic data units such as a CD. The 
recorded time information is identical to that recorded in 
a Q channel of a subcode in a normal CD. 
[0039] The ATlPs generate, on top of address infor- 
mation used in a recording operation, a synchronous 
signal for rotary servo in a recording operation, and also 
include various kinds of control signals. Examples of the 
control signals recorded in the ATlPs include: the read- 
in start time indicating the longest time in which record- 
ing is possible; the read-out start time when the program 
length is the longest; the write power recommended for 
the medium; the type of disc, and the like. 
[0040] The drive 100 also includes: a spindle motor 
1 02 for driving the disc 1 01 to rotate at a constant linear 
velocity; an optical pickup 1 03 constituted by a semicon- 
ductor laser, an object lens, a photodetector, and the 
like; a laser driver 104 for controlling the beam emitted 
from the semiconductor laser of the optical pickup 1 03; 
and a RF amplifying section 105 for processing an out- 
put signal from the photodetector which is included in 
the optical pickup 1 03 to obtain a reproduction RF signal 
S RF , a tracking error signal S TE , a focus error signal S FE , 
and a wobble signal S WB which corresponds to each of 
the wobbles of the grooves G R The reproduction RF sig- 
nal S RF is used as a write RF signal WRF in a recording 
operation. 

[0041 ] The laser beam (not shown in a figure) emitted 
from the semiconductor laser included in the optical 
pickup 1 03 is irradiated to the recording surface of the 
disc 1 01 , and the light reflected by the recording surface 
is irradiated to the photodetector included in the optical 
pickup 103. The RF amplifying section 105 generates a 
tracking error signal S TE by a three-spot method, and 
also generates a focus error signal S FE by an astigma 
method (i.e. astigmatism method). 
[0042] The drive 100 also includes: a RF signal 
processing circuit 1 06 for performing processings such 



as waveform equalization and signal detection for the 
reproduction RF signal S RF output from the RF amplify- 
ing section 105 to obtain CD data; and a pulse train cir- 
cuit 107 (see FIGS. 5B and 5C) for converting the re- 
cording data RD output from a CD encoding/decoding 
section, which will be described later, into multi-pulse 
trains, and then for supplying the resultant multi-pulse 
trains to the laser driver 1 04. The laser beam emitted 
from the semiconductor laser included in the optical 
pickup 1 03 is subjected to on-off modulation by the mul- 
ti-pulse trains supplied from the pulse train circuit 107, 
and as a result of this modulation, the recording data 
RD is recorded in the disc 101 . 

[0043] The drive 100 also includes: a CD encoding/ 
decoding section 111 ; and a CD-ROM encoding/decod- 
ing section 112. The CD encoding/decoding section 1 1 1 
performs demodulation against Eight to fourteen Mod- 
ulation (EFM) for the CD data output from the RF signal 
processing circuit 106 in a reproducing operation, and 
also performs error correction by use of a Cross Inter- 
leave Reed-Solomon Code (CIRC) to obtain CD-ROM 
data. In addition, the CD encoding/decoding section 111 
adds a parity by use of a CIRC to the CD-ROM data 
output from the CD-ROM encoding/decoding section 
112 in a recording operation, and performs modulation 
of EFM to obtain CD data, and then, performs Non Re- 
turn to Zero Inverted (NRZI) conversion to the CD data 
to obtain recording data RD. 

[0044] The CD-ROM encoding/decoding section 112 
performs processings such as descrambling and error 
correction for the CD-ROM data output from the CD en- 
coding/decoding section 111 in a reproducing operation 
to obtain read data. Also in a recording operation, the 
CD-ROM encoding/decoding section 112 performs 
processings such as addition of parity for error correc- 
tion and scrambling for the write data received from a 
SCSI/buffer controller .which will be described later, to 
obtain CD-ROM data. To the CD-ROM encoding/decod- 
ing section 112, a Random Access Memory (RAM) 113 
is connected as a working memory for performing the 
processings described above. 

[0045] The drive 1 00 also includes a Small Computer 
System Interface (SCSI)/buffer controller 115. The SC- 
SI/buffer controller 115 receives a command from a host 
computer, and supplies it to a system controller. In a re- 
producing operation, the SCSI/buffer controller 115 
transmits the read data output from the CD-ROM encod- 
ing/decoding section 112 to the host computer via the 
RAM 114 as a buffer memory. In a recording operation, 
the SCSI/buffer controller 115 supplies the write data, 
transmitted thereto from the host computer, to the 
CD-ROM encoding/decoding section 112 via the RAM 
114. 

[0046] The drive 1 00 also includes: a focus/tracking 
servo controlling circuit 121 for performing focus servo 
and tracking servo for the optical pickup 1 03, based on 
the focus error signal S FE and the tracking error signal 
Sr E which are output from the RF amplifying section 
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105; a feed servo controlling circuit 122 for allowing the 
optical pickup 103 to move at the time of access; and a 
spindle servo controlling circuit 1 23 for controlling the 
rotation number of the spindle motor 1 02 to be a prede- 
termined value. The operations of the servo controlling 
circuits 121 to 123 are controlled by a mechanical con- 
troller 124 which includes a central processing unit 
(CPU). 

[0047] The dive 1 00 also includes a system controller 
125 for controlling the operations of the entire system. 
The system controller 125 includes a CPU. 
[0048] The drive 1 00 also includes a wobble process- 
ing section 131 for demodulating the signal of ATI P from 
the wobble signal Sw B output from the RF amplifying 
section 105. The signal of ATIP obtained in the wobble 
processing section 131 is supplied to the mechanical 
controller 1 24 and the system controller 125 via the CD 
encoding/decoding section 111 , and is used for various 
controls. 

[0049] Next, the optical pickup 1 03 will be described 
in detail. FIG. 9 shows a structure of an optical system 
of the optical pickup 103. 

[0050] The optical pickup 103 includes: a semicon- 
ductor laser 1 52 for emitting a laser beam 1 51 ; a colli- 
mator lens 153 for shaping the laser beam 151 emitted 
from the semiconductor laser 152 from the form of di- 
verging lights into the form of parallel lights, and a grat- 
ing (i.e. diffraction grating) 154 for generating 3 beams. 
The grating 1 54 generates a main beam Bm by 0-dimen- 
sional light, and the first and second side beams, Bs1 
and Bs2, by ±1 -dimensional lights respectively. 
[0051] The optical pickup 103 also includes: a beam 
splitter 155; an object lens 156 for irradiating the laser 
beam onto the recording surface of the disc 1 01 ; and a 
photodetector 1 57 for front Auto Power Control (APC). 
In this case, the laser beam is entered from the grating 

154 into the beam splitter 155, and a part thereof is 
passed through a semi-transparent film 155a and is en- 
tered into the object lens 156, while the remaining part 
thereof is reflected by the semi-transparent film 155a 
and is entered into the photodetector 157. A part of the 
laser beam entered into the beam splitter 1 55 from the 
object lens 1 56 is reflected by the semi-transparent film 
155a, and is further reflected by a reflection surface 
1 55b to be ejected outside. The detected signal SAPC 
in the photodetector 157 is used for laser power control 
as a monitor signal for the laser power in recording and 
reproducing operations. 

[0052] The optical pickup 103 also includes: a light 
collecting lens 1 58 for collecting the laser beam reflect- 
ed by the reflection surface 155b of the beam splitter 

1 55 and then ejected outside; a photodetector 1 60 into 
which the laser beam ejected from the light collecting 
lens 158 is entered; and a multi-lens 159 located be- 
tween the light collecting lens 1 58 and the photodetector 
1 60. The multi-lens 1 59 is constituted a combination of 
a concaved lens and a cylindrical lens. The cylindrical 
lens is used to obtain the focus error signal S FE in a 



known astigma method. 

[0053] As shown in FIG. 10, a main spot SPm by the 
main beam Bm and side spots SPs1 , SPs2 by the side 
beams Bs1 , Bs2 are formed on the disc 1 01 . In this case, 

5 the side spots SPs1 , SPs2 are respectively formed at 
predetermined distances away from the main spot SPm 
in one and the other radial directions. 
[0054] As has been described above, in an embodi- 
ment of the present invention, the tracking error signal 

10 S TE is obtained by a three-spot method. Defining each 
track pitch as Tp, the side spots SPs1 , SPs2 are respec- 
tively formed at distances of Tp/4 (i.e. 90° ) away from 
the main spot SPm in radial directions. The positioning 
of the side spots SPst , SPs2 can be performed by ad- 

15 justing the angle of the grating 1 54. 

[0055] As shown in FIG. 1 0, the photodetector 1 60 is 
constituted by a quadrant photodiode section 1 60M, and 
two photodiode sections 1603^ 160S 2 . 
[0056] Hereinafter, an operation of the optical pickup 

20 103 shown in FIG. 9 will be described. The laser beam 
1 51 in the form of diverging lights from the semiconduc- 
tor laser 152 is shaped into the form of parallel lights by 
the collimator lens 153, and is entered into he grating 
154 where 3 beams (Bm, Bs1, Bs2) are formed. The 

25 laser beam ejected from the grating 154 is entered into 
the beam splitter 1 55. The laser beam is passed through 
the semi-transparent film 1 55a of the beam splitter 1 55, 
and is irradiated onto the recording surface of the disc 
101 via the object lens 156. In this case, as shown in 

30 FIG. 1 0, a spot SPm by the main beam Bm, spots SPs1 , 
SPs2 by the side beams Bs1, Bs2 are formed on the 
disc 101. 

[0057] The laser beam (i.e. returned light) reflected 
by the recording surface of the disc 101 is entered into 

35 the beam splitter 155 via the object lens 156, and then 
is reflected by the semi-transparent film 1 55a and the 
reflection surface 155b in this order. Then, the laser 
beam is ejected from the beam splitter 1 55 and is en- 
tered into the photoetector 160 via the light collecting 

40 Jens 158 and the multi-lens 159. 

[0058] As shown in FIG. 1 0, spots SPm', SPs1 ', SPs2' 
by the laser beam reflected by the spots SPm, SPs1 , 
SPs2 formed on the aforementioned disc 101 are 
formed respectively on the photodioe sections 160M, 

45 1 60S! , 1 60S 2 which constitute together the photodetec- 
tor 1 60. 

[0059] Defining detected signals of four photodiodes 
Da to Dd constituting the photodiode section 160M as 
Sa to Sd, a detected signal of the photodiode Df which 

so constitutes the photodiode section 1 60S! as Sf , and a 
detected signal of the photodiode De which constitutes 
the photodiode section 1 60S 2 as Se, the RF amplifying 
section 105 (see FIG. 8) obtains a reproduction RF sig- 
nal S RF , a focus error signal S FE , and a tracking error 

55 signal S TE respectively by the following calculations: 
S RF = (Sa+Sb+Sc+Sd); S FE = (Sa+Sc)-(Sb+Sd); and 
S XE = Se— Sf. 

[0060] In the RF amplifying section 1 05, the addition 
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signal of the detected signals Sb, Sc is subtracted from 
the addition signal of the detected signals Sa, Sd to gen- 
erate a push-pull signal by the reflected light from the 
main spot SPm. Then, a wobble signal S^q is extracted 
from the push-pull signal by a high-pass filter. 5 
[0061] Next, an operation ofthe CD-R drive 100 
shown in FIG. 8 will be described. 
[0062] When a data write command is supplied from 
the host computer to the system controller 1 25, data is 
written (i.e. recorded). In this case, the write data trans- 
mitted from the host computer is supplied from the SCSI/ 
buffer controller 1 1 5 to the CD-ROM encoding/decoding 
section 112. The CD-ROM encoding/decoding section 
112 performs processings such as addition of parity for 
error correction and scrambling for the write data to ob- 
tain CD-ROM data. 

[0063] The CD-ROM data, generated in the CD-ROM 
encoding/decoding section 112 is supplied to the CD- 
encoding/decoding section 111. The CD-encoding/de- 
coding section 111 adds a party by use of CIRC to the 
CD-ROM data, and also performs modulation of EFM to 
generate CD data. The CD-encoding/decoding section 
111 further performs NRZI conversion to the resultant 
CD data to generate recording data RD. 
[0064] The recording data RD is converted in the 
pulse train 107, and then is supplied to the laser driver 
1 04. Therefore, the laser beam emitted from the semi- 
conductor laser of the optical pickup 1 03 is subjected to 
on-off modulation by the multi-pulse trains supplied from 
the pulse train circuit 107, and as a result, the recording 
data RD is recorded on the disc 101 . 
[0065] On the other hand, when a data read command 
is supplied from the host computer to the system con- 
troller 125, data is read (i.e. reproduced). A reproduction 
RF signal S R p is reproduced in the optical pickup 103, 
and is subjected to a processing such as waveform 
equalization in the RF signal processing circuit 106 to 
obtain CD data. The resultant CD data is supplied to the 
CD encoding/decoding section 111. The CD encoding/ 
decoding section 111 performs processings such as de- 
modulation against EFM and error correction by use of 
CIRC for the reproduction data to obtain CD-ROM data. 
[0066] The CD-ROM data, obtained in the CD-encod- 
ing/decoding section 111, is supplied to the CD-ROM 
encoding/decoding section 112 where the CD-ROM da- 
ta is subjected to processings such as descrambling and 
error correction to obtain read data. The resultant read 
data is transmitted to the host computer under control 
of the SCSI/buffer controller 1 1 5 at a predetermined tim- 
ing via the RAM 114 as a buffer memory. 
[0067] In addition, the CD-R drive 100 shown in FIG. 
8 controls the laser power R-OPC during a recording 
operation. FIG. 11 shows a circuit section 200 related to 
the R-OPC operation. In FIG. 11, the constituent ele- 
ments identical to those of FIG. 8 are denoted by the 
same reference numerals. 

[0068] The circuit section 200 includes an Auto Power 
Control (APC) circuit 202. To the APC circuit 202, the 



detected signal S APC detected in the photodetector 1 57 
for front APC of the optical pickup 103 (see FIG. 9) is 
supplied. In addition, to the APC circuit 202, a target lev- 
el signal Sj A is supplied from the controller 1 24 via a D/ 
A converter 201 . The APC circuit 202 controls the laser 
driver 1 04 in such a manner that the detected signal 
S APC and the target level signal STA become the same 
level. 

[0069] The circuit section 200 also includes: a low- 
pass filter 203 for limiting the band of the write RF signal 
WRF output from the RF amplifying section 1 05 and for 
smoothing the variation in the write RF signal WRF 
which corresponds to the multi-pulse trains; and a sam- 
pling/holding circuit 204 for sampling the output signal 
WFR* from the low-pass filter 203 by use of a sample 
pulse Psmp supplied from the controller 1 24 at a prede- 
termined timing corresponding to the portion with a pre- 
determined pulse width of the recording data RD, so as 
to obtain a pit level (i.e. average level signal) LVP. The 
pit level LVP obtained as a result of the sampling in the 
sampling/holding circuit 204 is converted into a digital 
signal by the D/A converter 205, and is supplied to the 
controller 1 24. 

[0070] FIG. 1 2A shows the write RF signal WRF cor- 
responding to the portions with pulse widths 4T, 11T for 
example. FIG. 12B shows the output signal WRF' from 
the low-pass filter 203. The output signal WRF* is ob- 
tained by smoothing the variation in the write RF signal 
WRF corresponding to the multi-pulse trains. FIG. 12C 
shows the sample pulse Psmp for sampling the pit level 
of the portion with pulse widths 4T, 11T 
[0071] The frequency of the variation in the write RF 
signal which corresponds to the multi-pulse trains de- 
scribed above changes depending on the recording 
speed. Specifically, as the recording speed becomes 
higher, the frequency of the variation thereof becomes 
higher. In an embodiment of the present invention, the 
cut-off frequency of the low-pass filter 203 is changed 
in accordance with the recording speed under control of 
the controller 1 24, and only the variation in the write RF 
signal WRF which corresponds to the multi-pulse trains 
is efficiently smoothed, independent from the recording 
speed. 

[0072] The output signal WRF' from the low-pass filter 
203 has a portion at a constant level, and this is a portion 
with a relatively large pulse width. Therefore, a sample 
pulse Psmp corresponding to the portion with pulse 
width of 6T or larger is provided to the sampling/holding 
circuit 204, and then sampling at a pit level is performed. 
As has been described above, the purpose of perform- 
ing R-OPC is to control the write power in correspond- 
ence with the variation in the reflection ratio at the inner 
and outer peripheries of the disc (i.e. CD-R) 1 01 . There- 
fore, the sampling/holding circuit 204 is not required to 
perform the sampling at a pit level successively in a re- 
cording operation, but the sampling is performed at pre- 
determined time intervals in an embodiment ofthe 
present invention. 
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[0073] Next, an operation of R-OPC will be described. 
Before writing is started, trial writing is performed at a 
designated recording speed in the PCA of the disc 101 
to obtain an optimum write power (i.e. a value at which 
an optimum asymmetry is obtained). At the optimum 
write power, the output signal WRF' from the low-pas 
filter 203 is sampled at a predetermined timing which 
corresponds to the portion with a predetermined pulse 
width of the recording data RD to obtain an optimum pit 
level LVPr. The cut-off frequency of the low-pass filter 
203 is changed beforehand in such a manner as to cor- 
respond to the designated recording speed. 
[0074] When writing is started, a target level signal 
Sj A which corresponds to the optimum write power 
which has been obtained beforehand as in the manner 
described above is supplied from the controller 124 to 
the APC circuit 202. As a result, the write power is con- 
trolled in such a manner as to be the optimum write pow- 
er. 

[0075] After writing is started, the output signal WRF' 
from the low-pass filter 203 is sampled at a predeter- 
mined timing which corresponds to the portion with a 
predetermined pulse width of the recording data RD at 
predetermined time intervals, so as to obtain the pit level 
LVP. The resultant pit level LVP is supplied to the con- 
troller 124 via the A/D converter 205. 
[0076] The controller 1 24 modifies the level of the tar- 
get level signal S TA to be supplied to the APC circuit 202 
in such a manner that the pit level LVP becomes equal 
to the optimum pit level LVPr which has been obtained 
beforehand in a manner described above. For this pur- 
pose, after the writing is started, the write power is con- 
trolled in such a manner that the pit level LVP becomes 
equal to the optimum pit level LVPr. As a result, the re- 
cording data RD can be recorded on the disc 101 in an 
excellent state, even if there are a variation (nonuniform- 
ity in the coating) in the reflection ratio at the inner and 
outer peripheries of the disc (i.e. CD-R) 101, a change 
in the distribution of spot strengths at coma aberration 
generated as a result of the skew of the disc 1 01 , a 
change in the laser wavelength resulted from an in- 
crease in temperature, and the like. 
[0077] As has been described above, in an embodi- 
ment of the present invention, in the operation of 
R-OPC, the write RF signal WRF is subjected to band- 
pass limitation in the low-pass filter 203 to smooth the 
variation in the mite RF signal generated in correspond- 
ence with the multi-pulse trains. Then, the smoothed 
signal WRF* is sampled at a predetermined timing which 
corresponds to the portion with a predetermined pulse 
width to obtain a pit level (i.e. average level signal) LVP. 
The write power is controlled in such a manner that the 
pit level LVP becomes equal to the optimum pit level 
LVPr which has been obtained beforehand. 
[0078] Specifically, the mite RF signal WRF is subject- 
ed to bandpass limitation in the low-pass filter 203 to 
obtain the pit level LVP. This arrangement makes it pos- 
sible to obtain the pit level LVP in a stable manner, in- 



dependently of the influence of the multi-pulse trains, 
thereby controlling the write power in a stable manner 
during recording operation. 

[0079] In the embodiment described above, the out- 

5 put signal WRF' from the low-pass filter 203 is sampled 
once in correspondence with the portion with a prede- 
termined pulse width to obtain the pit level LVP (see FIG. 
12C) in the sample/hold circuit 204. Alternatively, sam- 
pling may be performed at plural number of times in cor- 

10 respondence with the portion with a predetermined 
pulse width to obtain plural sampled signals, and the plu- 
ral sampled signals are then averaged to obtain the pit 
level LVP. In this manner, it is possible to obtain the pit 
level LVP in a stable manner independently of the influ- 

15 ence of the multi-pulse trains, even if the low-pass filter 
203 does not perform sufficient smoothing. 
[0080] In the embodiment described above, the write 
RF signal WRF is subjected to bandpass limitation by 
the low-pass filter 203 in order to obtain the pit level LVP 

20 as the average level signal, and the output signal WRF' 
from the low-pass filter 203 is sampled at a predeter- 
mined timing. Alternatively, the average level signal (i. 
e. pit level LVP) may be obtained in other methods. As 
one of the employable methods for example, the write 

25 RF signal WRF is converted into a digital signal by a 
high-speed A/D converter, and conversion values within 
a predetermined range are averaged to obtain the pit 
level LVP 

[0081] In the embodiment described above, the 
30 present invention has been applied to the CD-R drive 
1 00. However, the present invention is also applicable 
to other optical recording apparatuses for performing re- 
cording on a recording medium by use of multi-pulse 
trains, that is, for pulse train recording such as a phase 
35 change type CD-RW drive. 

[0082] According to embodiments of the present in- 
vention, the light returned from the recording medium is 
detected, and the average signal of the detected signal 
is obtained. The laser power is controlled in such a man- 
40 ner that the level of the average level signal becomes a 
predetermined level, thereby enabling stable control of 
the write power during a recording operation, even in 
the case of performing pulse train recording. 

45 

Claims 

1. An optical recording apparatus in which recording 
data is converted into multi-pulse trains, and a laser 
50 beam is emitted from a laser light source in corre- 
spondence with the multi-pulse trains, and the laser 
beam is irradiated on a recording medium to record 
the recording data on the recording medium, com- 
prising: 

55 

photodetecting means of detecting light re- 
turned from the recording medium; 
averaging means of obtaining an average level 
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signal of a detected signal detected in the pho- 
todetecting means in correspondence with the 
portion with a predetermined pulse width of the 
recording data; and 

laser power controlling means of controlling the 
power of the laser beam output from the laser 
light source in such a manner that the level of 
the average level signal obtained in the aver- 
aging means becomes a predetermined level. 

2. An optical recording apparatus according to claim 

1 , wherein the averaging means comprises: 

a low-pass filter for performing a band limitation 
for the detected signal detected in the photode- 
tecting means; and 

signal obtaining means of sampling the output 
signal from the low-pass filter at a predeter- 
mined timing which corresponds to the portion 
with the predetermined pulse width so as to ob- 
tain the average level signal. 

3. An optical recording apparatus according to claim 

2, further comprising: 

means for changing a cut-off frequency of the 
low-pass filter in accordance with recording 
speed. 

4. An optical recording apparatus according to claim 
2 or 3. 

wherein the signal obtaining means samples 
the output signal from the low-pass filter at plural 
timings which correspond to the portion with the 
predetermined pulse width, and then averages the 
plural sampled signals to obtain the average level 
signal. 

5. An optical recording apparatus according to any 
preceding claim 

wherein the averaging means obtains the av- 
erage level signal at predetermined time intervals. 

6. An optical recording apparatus comprising: 

an optical head including a laser light source 
for emitting a laser beam, for allowing the laser 
beam to be irradiated on a recording medium; 
a converter for converting recording data into 
multi-pulse trains; 

a driving circuit for allowing the laser light 

source to emit the laser beam corresponding to 

the converted multi-pulse trains; 

a photodetector provided in the optical head, 

for detecting light returned from the recording 

medium; 

averaging means of obtaining an average level 
signal of a detected signal detected in the pho- 



todetector in correspondence with a portion 
with a predetermined pulse width of the record- 
ing data; and 

a laser power controller for controlling power of 
5 the laser beam output from the laser light 

source in such a manner that the level of the 
average level signal obtained in the averaging 
means becomes a predetermined level. 

10 7. An optical recording apparatus according to claim 

6, wherein the averaging means comprises: 

a low-pass filter for performing band limitation 
for the detected signal detected in the photode- 

is tector; and 

signal obtaining means of sampling an output 
signal from the low-pass filter at a predeter- 
mined timing which corresponds to the portion 
with the predetermined pulse width, so as to ob- 

20 tain the average level signal. 

8. An optical recording apparatus according to claim 

7, further comprising: 

25 means of changing a cut-off frequency of the 

low-pass filter in accordance with recording 
speed. 

9. An optical recording apparatus according to claim 
30 7 or 8, 

wherein the signal obtaining means samples 
the output signal from the low-pass filter at plural 
timings which correspond to the portion with the 
predetermined pulse width, and then averages the 
35 plural sampled signals, so as to obtain the averag- 
ing level signal. 

10. An optical recording apparatus according to claim 
6, 7, 8 or 9, 

wherein the averaging means obtains the av- 
erage level signal at predetermined time intervals. 

11. An optical recording apparatus according to any 
one of claim 6-10, 

4 5 wherein the driving circuit allows the laser 

light source to emit the laser beam at laser power 
adjusted in a laser power adjusting area formed in 
the recording medium. 

so 12. A method for controlling laser power in an optical 
recording apparatus in which recording data is con- 
verted into multi-pulse trains, and a laser beam is 
emitted from a laser light source in correspondence 
with the multi-pulse trains, and the laser beam is 

55 irradiated on a recording medium to record the re- 
cording data on the recording medium, comprising: 

obtaining a detected signal of light returned 
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from the recording medium; 
obtaining an average level signal of the detect- 
ed signal in correspondence with the portion 
with a predetermined pulse width of the record- 
ing data; and 5 
controlling the power of the laser beam output 
from the laser light source in such a manner that 
the level of the average level signal obtained in 
the averaging means becomes a predeter- 
mined level. 10 

13. A method for controlling laser power in an optical 
recording apparatus according to claim 11 , 

wherein, in the step of obtaining the average 
level signal, the resultant detected signal is subject- 15 
ed to band limitation, and the detected signal after 
band limitation is sampled at a predetermined tim- 
ing which corresponds to the portion with the pre- 
determined pulse width, so as to obtain the average 
level signal. 2( > 
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